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 
 
 
𝑊 = 𝑃𝑐 × 𝐴𝑃
𝑃𝐿𝑖𝑓𝑡 = 𝑄 × 𝑃𝑐
𝑄 = 𝐴𝑃 × 𝑉𝑒
𝐴𝑃
𝐴𝑃 = 2(𝐿 + 𝐵) × ℎ
 𝑉𝑒
ℎ

 

 
  
𝑃𝑎𝑦𝑙𝑜𝑎𝑑 (𝐵𝑜𝑎𝑟𝑑 + 𝑅𝑖𝑑𝑒𝑟) = 𝑊 = 100 𝑘𝑔 ≈ 1000 𝑁
𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐶𝑢𝑠ℎ𝑖𝑜𝑛 𝑊𝑖𝑑𝑡ℎ = 𝐵 = 0.225𝑚
𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐶𝑢𝑠ℎ𝑖𝑜𝑛 𝐿𝑒𝑛𝑔𝑡ℎ = 𝐿 = 0.510𝑚
𝐵𝑜𝑎𝑟𝑑 𝐿𝑖𝑓𝑡 𝐴𝑟𝑒𝑎 =  𝐴𝑃 = 𝜋 (
𝐵
2
)
2
+ 𝐵 × 𝐿 =  0.1545𝑚2
𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝐵𝑜𝑎𝑟𝑑 𝐿𝑖𝑓𝑡 𝐴𝑟𝑒𝑎 = 𝐿𝐵𝑜𝑎𝑟𝑑 = 𝜋𝐵 + 2𝐿 = 1.7269 𝑚
(𝑃𝑚𝑖𝑛)
𝑃𝑚𝑖𝑛(𝑃𝑎) =
𝑊
𝐴𝐵𝑜𝑎𝑟𝑑
=
1000
0.1545
= 6472 𝑃𝑎
 
1.0 × 10−4

 Static 
Pressure 
(kPa) 
Dynamic 
Pressure 
(kPa) 
Stagnation 
Pressure (kPa) 
Flow 
(m3/s) 
Flow 
(L/min) 
Real 
Power 
(kW) 
170.0 0.00000 170.00 0.00000 0.00 1.41 
169.5 0.03547 169.54 0.00217 130.26 1.42 
169.0 0.13578 169.14 0.00425 254.85 1.43 
168.0 0.24139 168.24 0.00566 339.80 1.43 
167.0 0.42913 167.43 0.00755 453.07 1.44 
166.0 0.67051 166.67 0.00944 566.34 1.45 
165.0 1.00619 166.01 0.01156 693.76 1.45 
𝑃𝑑𝑦𝑛𝑎𝑚𝑖𝑐(𝑃𝑎) =
1
2
𝜌𝑉2
  
 
 
℃
2.835 × 10−4
𝑉 = 𝑄/𝐴

𝑀 ≡
𝑉
𝑐
𝑀 = 𝑚𝑎𝑐ℎ 𝑛𝑢𝑚𝑏𝑒𝑟 
𝑉 = 𝑓𝑙𝑜𝑤 𝑠𝑝𝑒𝑒𝑑  
𝑐 = 𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑠𝑜𝑢𝑛𝑑 𝑓𝑜𝑟 𝑎𝑖𝑟 𝑎𝑡 𝑆𝑇𝑃 ≈ 343 
3.853 × 10−4
 𝑃𝑚𝑖𝑛 ℎ
 
Property 
CFD Input 
Value from 
 
Experimental Test 
Range from  
 
Range Simulated for 
CFD and Dimensional 
Analysis 
Stagnation Gauge 
Pressure (kPa) 
165 1.65 - 1.7 166.01 
Power (kW) 1.45 1.41 - 1.45 N/A 
Flow Rate (m3/s) 0.01156 0-0.011563 0.011563 
𝐴𝑝
𝑄𝑖𝑛 = 0.01156
𝑉𝑖𝑛 =
𝑄𝑖𝑛
𝐴𝑖𝑛
=
0.01156
0.004580
= 2.524 𝑚/𝑠
𝑄𝑖𝑛 = 𝑄𝑜𝑢𝑡
𝑉𝑜𝑢𝑡 =
𝑄𝑜𝑢𝑡
𝐴𝑜𝑢𝑡
=
𝑄𝑜𝑢𝑡
𝐿𝐵𝑜𝑎𝑟𝑑 × ℎ
 
 
 
  
∆𝑃)
  
∆𝑃
∆𝑃 = 𝑓(𝑉, 𝑃, 𝐷1, 𝐷2, 𝜌, 𝜇, 𝑁)
∆𝑃 = 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝐷𝑟𝑜𝑝 𝑉 = 𝐼𝑛𝑙𝑒𝑡 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑃 = 𝐼𝑛𝑙𝑒𝑡 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑁 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑙𝑒𝑠
𝐷1 = 𝐻𝑜𝑙𝑒 𝐷𝑖𝑎𝑚𝑡𝑒𝑟 𝐷2 = 𝐷𝑖𝑠𝑡. 𝑓𝑟𝑜𝑚 𝐶/𝐿 𝜌 = 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑎𝑖𝑟 𝜇 = 𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦
𝜋1 =
∆𝑃
𝑃
𝜋2 =
𝐷2
𝐷1
𝜋3 =
𝜌𝑉2
𝑃
𝜋4 =
𝑉𝜇
𝑃𝐷1
𝜋1 = 𝑓(𝜋2, 𝜋3, 𝜋4, 𝑁)
∆𝑃
𝑃
= 𝑓(
𝐷2
𝐷1
,
𝜌𝑉2
𝑃
,
𝑉𝜇
𝑃𝐷1
, 𝑁)
𝜌
  
 

 7.4766 × 10−4 
  0.149530 

2.0 × 10−5
2.49365 × 10−7 31 × 106
 
 



 1.0 × 10−4
1.0 × 10−6
 1.0 × 10−4
 . 
1.6 × 10−4 m
0.15 m
 
 𝐴𝑝
 
 
 
  
 
 ℎ
ℎ  𝑃𝑠𝑘𝑖𝑟𝑡
𝑃𝑠𝑘𝑖𝑟𝑡 = 79.326 × ℎ
−2.486
 𝑁 = 30,
𝐷1 = 8 𝑚𝑚
𝐷2 = 110 𝑚𝑚
𝐹𝑜𝑟𝑐𝑒 = 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 × 𝐴𝑟𝑒𝑎
 𝑃𝑚𝑖𝑛


𝑃1
𝜌
+
𝑉1
2
2
+ 𝑔𝑧 =
𝑃2
𝜌
+
𝑉2
2
2
+ 𝑔𝑧 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

  
∆𝑃
𝑃
𝐷2
𝐷1
𝐷2
𝑁
𝐷2 𝐷1
∆
𝑃
𝑃
𝑁)
𝑃1
𝜌
+
𝑉1
2
2
+ 𝑔𝑧 =
𝑃2
𝜌
+
𝑉2
2
2
+ 𝑔𝑧 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡
𝑄𝑖𝑛 = 𝑄𝑜𝑢𝑡 
𝑉𝑜𝑢𝑡 =
𝑄𝑜𝑢𝑡
𝐴𝑜𝑢𝑡
𝑁
𝑁 = 40
𝑁 = 30 𝑁 = 50
 ∆𝑃
𝑃
𝜌𝑉2
𝑃
𝑁
 𝑉
𝑁
𝑁 = 30
𝑁 = 30
∆
𝑃
𝑃
𝜌𝑉 𝑃
𝑁 = 50 𝑁 =
40 
𝑁 = 50
𝑉2
𝑃
 
∆𝑃
𝑃
𝑉𝜇
𝑃𝐷1
 𝐷1
𝑁
40 ≤ 𝑁 ≤ 50
𝑁 = 30
 𝐷2
𝐷1
= 15
𝜌𝑉2
𝑃
= 0.005  
𝑉𝜇
𝑃𝐷1
= 0.02  
∆
𝑃
𝑃
𝑉𝜇 𝑃𝐷
𝜇 = 1.7894 𝑘𝑔/𝑚 ∙ 𝑠 𝜌 = 1.225 
𝑘𝑔
𝑚3
 
𝐷2 = 15𝐷1  
𝑃 =
𝜌𝑉2
0.005
= 2450𝑉2  
𝑃 =
𝑉𝜇
0.02𝐷1
=
89.47𝑉
𝐷1
  
2450𝑉2 =
89.47𝑉
𝐷1
 
 𝑉 =
0.0365
𝐷1
  0.005 7.30 130692 0.075 15 0.0005 0.02 
  0.006 6.09 90758 0.090 15 0.0005 0.02 
  0.007 5.22 66680 0.105 15 0.0005 0.02 
  0.008 4.56 51052 0.120 15 0.0005 0.02 
  0.009 4.06 40337 0.135 15 0.0005 0.02 
  0.010 3.65 32673 0.150 15 0.0005 0.02 
  0.011 3.32 27002 0.165 15 0.0005 0.02 
  0.012 3.04 22690 0.180 15 0.0005 0.02 
  0.013 2.81 19333 0.195 15 0.0005 0.02 
  0.014 2.61 16670 0.210 15 0.0005 0.02 
  0.015 2.43 14521 0.225 15 0.0005 0.02 
  0.016 2.28 12763 0.240 15 0.0005 0.02 
  0.017 2.15 11306 0.255 15 0.0005 0.02 
  0.018 2.03 10084 0.270 15 0.0005 0.02 
  0.019 1.92 9051 0.285 15 0.0005 0.02 
  0.020 1.83 8168 0.300 15 0.0005 0.02 
 𝐷1
𝐷2
 
 ℎ
ℎ
𝑃𝑚𝑖𝑛 = 79.326 × ℎ
−2.486
𝑃𝑚𝑖𝑛 = 7000 𝑃𝑎
 
 𝑃1
𝜌
+
𝑉1
2
2
+ 𝑔𝑧 =
𝑃2
𝜌
+
𝑉2
2
2
+ 𝑔𝑧 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡
  
 
 
  
  
 
 

  
 𝐷1
𝐷2
𝑁
𝑉
𝑁 = 50
 
  





 
 Model 
No. 
D1 
(mm) 
D2 
(mm) 
N P (Pa) 
V 
(m/s) 
Pi Group Notes 
1 8 100 30 170000 2.5 1   
2 8 100 40 170000 2.5 1   
3 8 100 50 170000 2.5 1   
4 8 110 30 170000 2.5 1 Re-use for Pi group 3 
5 8 110 40 170000 2.5 1 Re-use for Pi group 3 
6 8 110 50 170000 2.5 1 Re-use for Pi group 3 
7 8 120 30 170000 2.5 1   
8 8 120 40 170000 2.5 1   
9 8 120 50 170000 2.5 1   
10 16 110 30 170000 2.0 Pi Group 2   
11 16 110 40 170000 2.0 Pi Group 2   
12 16 110 50 170000 2.0 Pi Group 2   
13 16 110 30 170000 2.5 Pi Group 2 Re-use for Pi group 3 
14 16 110 40 170000 2.5 Pi Group 2 Re-use for Pi group 3 
15 16 110 50 170000 2.5 Pi Group 2 Re-use for Pi group 3 
16 16 110 30 170000 3.0 Pi Group 2   
17 16 110 40 170000 3.0 Pi Group 2   
18 16 110 50 170000 3.0 Pi Group 2   
19 24 110 30 170000 2.5 Pi Group 3   
20 24 110 40 170000 2.5 Pi Group 3   
21 24 110 50 170000 2.5 Pi Group 3   
 
 







 


